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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain a cooling structure which can be 
assembled 

easily, can be opened and re-closed in a short time at the time of 
maintenance, 

etc., and is improved in reliability for cracking, etc., of a 
multilayered 

wiring board by constituting a housing of a frame member composed of 
a material 

having a coefficient of thermal expansion which matches that of the 
multilayered wiring board and a lid member and fixing the wiring 
board and lid 

member to the frame member. 

SOLUTION: After a plurality of micro-carriers 2 containing LSI 
chips 3 , 

etc., are mounted on a multilayered wiring board 1, the micro- 
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carriers 2 are 

covered with a housing and an air-cooled heat sink 13 is mounted on 
the 

housing. In addition, heat conductive materials 4 for leading the 
heat 

generated from the LSI chips 3 are provided between the micro - 
carriers 2 and 

housing. The housing is constituted of a frame member 9 composed of 
a material 

having a coefficient of thermal expansion matching that of the wiring 
board 1 

and a lid member 5 and the substrate 1 is fixed to the frame member 
9 . Then 

the lid member 5 is engaged with the frame member 9. In addition, 
the heat 

sink 13 is constituted of a plurality of fin groups which are 
arranged 

separately from each other. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be tr 2 mslated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Field of the Invention] This invention relates to the cooling structure for air-cooling especially high 
integration, the formation of a high exoergic consistency, and the multi chip module formed into the 
large dimension with respect to the cooling structure of the multi chip module which mounted many 
micro carriers which carried the LSI chip on the wiring substrate, and closed them collectively. 

[ 0002 ] 

[Description of the Prior Art] In recent years, the improvement in the engine performance in a computer 
is remarkable, and improvement in the speed of processing speed is strongly demanded especially in the 
mainframe computer, the supercomputer, etc. 

[0003] For improvement in the speed of a data-processing rate, it is indispensable to raise the signal 
velocity of propagation between each arithmetic element, and, for that purpose, it needs to shorten 
wiring distance between each arithmetic element as much as possible. 

[0004] Then, as an approach of mounting much LSI in high density, LSI is put in block on a high-speed 
high-density multilayer-interconnection substrate, a large number loading is carried out, and the multi 
chip module method closed with housing incorporating cooling structure has come to be used. 

[0005] In a multi chip module, the heat generated by LSI is told to the heat sink on a multi chip module, 
and a conductor with the flexibility which may absorb the height of LSI and dispersion of an inclination 
to coincidence is formed. 

[0006] For example, the cooling structure of a multi chip module as shown in drawing 7 is indicated by 
JP,2-281747,A. All over drawing, two or more semiconductor devices 102 are carried on the multilayer- 
interconnection substrate 101 which consists of a mullite ceramic. A mullite ceramic is the ingredient 
which had consistency with the coefficient of thermal expansion of a semiconductor device 102, and 
was excellent in high speed signal transmission for the low dielectric constant. A semiconductor device 
102 is the chip carrier which confined the LSI chip or the LSI chip. The I/O pin 103 is formed in the rear 
face of the multilayer-interconnection substrate 101. The cap plate 104 with which, as for this cooling 
closure structure, coefficient of thermal expansion consists of the alumimium nitride ceramic they are 
[ ceramic ] the multilayer- interconnection substrate 101 and the ingredient with which it has consistency 
with high temperature conductivity. The frame 105 to which coefficient of thermal expansion changes 
from the multilayer-interconnection substrate 101 and the iron nickel alloy it is [ iron nickel alloy ] the 
ingredient to adjust. It is constituted by the conductor by upper sinking comb 106a formed in the cap 
constituted by Joining these both by solder, and bottom sinking comb 106b, and the water-cooled heat 
sink 107 prepared through the heat-conduction grease 108 on the cap plate 104. The cap which consists 
of the cap plate 104 and a frame 105 is put on the multilayer-interconnection substrate 101, and the 
solder closure is carried out by the periphery. The heat generated with the semiconductor device 102 is 
conducted to the cap plate 104 through a conductor with the flexible student who consists of upper 
sinking comb 106a and bottom sinking comb 106b. Moreover, in order to raise the heat-conduction 
effectiveness of a conductor, the interior of a multi chip module is filled up with helium gas. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejJe 



9/30/2005 





JP, 10-1731 14, A [DETAILED DESCRIPTION] 



Page 2 of 6 



[0007] By the way, the LSI chip used with a mainframe computer or a supercomputer has been in the 
inclination which shifts to the semi-conductor of a C-MOS mold with comparatively small calorific 
value in the past several years from the semi-conductor of the bipolar mold with comparatively large 
calorific value which was the mainstream conventionally. Generally in the multi chip module which 
carried the LSI chip of a these C-MOS mold semi-conductor, an air-cooling method is used. Although it 
is inferior in air quenching by refi'igeration capacity compared with water cooling, it is because it is the 
cooling system which is excellent in dependability, maintainability, installation nature, etc. Although the 
example of a water-cooled heat sink is shown as a heat sink carried on a multi chip module by the 
conventional example shown by drawing 7 , the conventional example which carried an air-cooling heat 
sink which does not make reference especially about the structure of a heat sink, for example, consists of 
conventional examples with an air-cooling fin is also considered. Then, the conventional example which 
carried the air-cooling heat sink is shown in drawing 8 . In drawing 8 , since the structure of a multi chip 
module is the same as that of what was explained by drawing 7 R> 7, the number has been omitted. 
When an air-cooling heat sink is used, compared with a water-cooled heat sink, there is an inclination 
for the temperature of a heat sink to become high. The cooling engine performance of this of an air- 
cooling heat sink is because it is low compared with a water-cooled heat sink. Since it is extremely small 
as compared with the heat capacity of water, as for the thing with the low cooling engine performance of 
an air-cooling heat sink, the heat capacity of air originates in the temperature rise of the air in the inside 
of a heat sink becoming large. 

[0008] With the structure shown by drawing 7 and drawing 8 , since the area of a part required for the 
closme is small, size of a multi chip module can be made small. Therefore, there are advantages, like 
that packaging density in the case of carrying many multi chip modules on a flat surface can be made 
high and the cost of materials can be reduced. 

[0009] As still more nearly another conventional example, the cooling structure of a multi chip module 
as shown in drawing 9 is indicated by JP,59-65457,A. All over drawing, the end of a flange 1 12 is fixed 
on the module substrate 1 1 1 with which LSI chip 110 was mounted, a gasket 1 1 5 is put between a heat 
sink 113 and a flange 112, and a hermetic seal is carried out with a screw 114. The thermally conductive 
good metal plate 116 is joined to the rear face of LSI chip 110 with solder 117, few gaps 1 18 are formed 
between a heat sink 113 and a metal plate 1 16 so that mechanical pressure may not join each LSI chip 
1 10 at the time of anchoring of a heat sink 113, and the thermally conductive good gas 119 of helium 
etc. is closed. 

[0010] With the structure shown by drawing 9 , opening of a multi chip module and a closure activity 
are easy, and opening and a closure activity can be done in a short time. 

[ 0011 ] 

[Problem(s) to be Solved by the Invention] With the structure ( drawing 7 , 8) of a JP,2-281747,A 
indication, a multi chip module is closed by soldered joint. Since the closure by solder needs to make a 
junction solder layer without a clearance to a multilayer-interconnection substrate periphery, it needs to 
control precisely the differential pressure of the multi chip module inside and outside in helium ambient 
atmosphere. Therefore, there is a trouble that the assembly activity of a multi chip module becomes 
complicated. Moreover, the time and effort of opening at the time of maintenance etc. and a re-closure 
activity is taken, and the trouble of being difficult also has an activity in a short time. 

[0012] It is the structure ( drawing 9 ) of one JP,59-65457,A indication in the structure which solves the 
above troubles. Since it is the structure which puts a gasket 115 and carries out a hermetic seal with a 
screw 1 14 between a heat sink 113 and a flange 1 12, and the assembly activity of a multi chip module 
becomes easy and opening at the time of maintenance etc. and a re-closure activity become simple, an 
activity in a short time is attained. 

[0013] The heat sink 1 13 of air cooling serves as the cap section of a multi chip module with the 
structure of drawing 9 . The heat sink 1 13 of air cooling has greatly cheap thermal conductivity like 
aluminum or copper, and although workability consists of the good quality of the materials in many 
cases, when an air-cooling heat sink is constituted from above ingredients here, the following problems 
arise. That is, since the temperature of a heat sink becomes high as mentioned above when the 
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coefficient of thermal expansion of aluminum or copper is several times as large as the coefficient of 
thermal expansion of LSI or a multilayer- interconnection substrate and especially a heat sink is air 
cooling, big stress will be applied to a multilayer-interconnection substrate by the differential thermal 
expansion of a multilayer-interconnection substrate and an air-cooling heat sink, and when the worst, an 
open circuit of a crack and circuit wiring will arise in a multilayer-interconnection substrate. Change of 
the installation environment of a computer is mentioned in addition to the factor to which the 
temperature of a heat sink becomes high having the low cooling engine performance of an air-cooling 
heat sink compared with a water-cooled heat sink, as mentioned above. Recently, importance is being 
attached to installation nature, and a computer has come to be designed not a computer room with a 
special under floor air conditioner but on the assumption that use in the usual office. In this case, the 
temperature of the cooling air supplied to a case is high compared with the temperature of the computer 
room of dedication, and, thereby, the temperature of the air-cooling heat sink itself also becomes high. 
Although the adjustment of coefficient of thermal expansion with a multilayer-interconnection substrate 
cannot pose a problem comparatively easily when the temperature of a heat sink is low, when the 
temperature of a heat sink becomes high like air cooling like a water cooling type, the adjustment of 
coefficient of thermal expansion with a multilayer-interconnection substrate becomes very important 
from the field of dependability. 

[0014] This invention is to offer the cooling structure of the multi chip module which aims at 
conquering the above troubles, and the assembly activity of a multi chip module became easy, and 
opening at the time of maintenance etc. and a re-closure activity could carry out in a short time, and was 
excellent in the dependability over the crack of a multilayer-interconnection substrate etc. 

[0015] 

[Means for Solving the Problem] The micro carrier which contains (1) LSI chip etc. in this invention in 
order to attain the above-mentioned purpose. The multilayer-interconnection substrate carrying two or 
more micro carriers, and a multilayer-interconnection substrate Wrap housing. It has the air-cooling heat 
sink carried on housing, the conductor for leading the generating heat of an LSI chip to housing between 
a micro carrier and housing It is premised on being the established cooling structure of a multi chip 
module. (2) housing A means to consist of the frame part material and covering device material which 
consist of an ingredient with the coefficient of thermal expansion adjusted in the coefficient of thermal 
expansion of a multilayer-interconnection substrate, and to make (3) multilayer-interconnection 
substrate and frame part material fix mutually. It had a means to make it covering device material and 
frame part material engaged mutually, and (4) air-cooling heat sink considered as the structure which 
consists of two or more fin groups arranged by dissociating mutually. 

[0016] Moreover, it is the structure of (5) and (1) - (4), and a means to make it covering device material 
and frame part material engaged further mutually was made into the mechanical conclusion means 
including packing, such as an O ring and a ring C. 

[0017] Moreover, we are the structure of (6) and (1) - (4), and decided to consist of two or more fin 
groups by which the air-cooling heat sink has been further arranged in the grid-like array. 

[0018] Moreover, it was the structure of (7) and (6), and the grid-like arrays of an air-cooling heat sink 
are three-line three trains further, and we decided that an air-cooling heat sink consists of nine fin 
groups. 

[0019] Furthermore, the fin arranged at the circumference part in the fin group which constitutes (8) air- 
cooling heat sink decided to include the overhang structure which consists of joints of an air-cooling 
heat sink and covering device material by projecting. 

[0020] (9) " said covering device material consisted of a flange which consists of the ingredient 
excellent in mechanical strength, and thermal conductivity and the cap section which consists of the 
ingredient excellent in electric insulation, and decided to have a means to make both fix mutually. 

[ furthermore, ] 

[ 0021 ] 

[Embodiment of the Invention] The first example of this invention is explained to a detail using drawing 
1 and drawing 2 below. Drawing 1 is X-Z-section Fig. of the first example. Drawing 2 is the Y-Z 
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sectional view of the first example. Two or more loading of the micro carrier 2 which carried LSI chip 3 
on the multilayer-interconnection substrate 1 is carried out. LSI chip 3 is electrically joined to the small 
substrate which constitutes the micro carrier 2 with a solder ball. Furthermore, the micro carrier 2 is also 
electrically joined on the multilayer-interconnection substrate 1 with the solder ball 17. Furthermore by 
the pin 15, the multilayer-interconnection substrate 1 is electrically joined to the large-sized wiring 
substrate which is not illustrated here. 

[0022] On the micro carrier 2, the heat generated in LSI chip 3 is conducted on the multi chip module 
top face, and a conductor v^th the flexibility which may absorb LSI chip 3, the height of the micro 
carrier 2, and dispersion of an inclination to coincidence is formed. Here, the conductor equipped with 
the structure which engaged two sinking comb-like multi-fins mutually is used. On each LSI chip 3, the 
first multi-fin 4 contacts according to an individual, and is carried. The second multi-fin is constituted 
by the inside of a top plate 5. The spring 6 was formed between two multi-fins, and the first multi-fm 4 
is pushed against LSI chip 3 by the suitable load. Here, it is suitable if the base dimension of the lower 
sinking comb 4 is larger than Ae dimension of LSI chip 3. 

[0023] When it sees from the whole multi chip module, a multi chip module consists of the multilayer- 
interconnection substrate 1, the housing section (from 5, 7, and 9 to a configuration) which carried the 
air-cooling heat sink 13, a micro carrier 2 which carried LSI chip 3, and above-mentioned multi-fins 4 
and 5 which are the conductors for leading the generating heat of LSI chip 3 to the housing section, said 
housing section consists of ingredients with the coefficient of thermal expansion adjusted in the 
coefficient of thermal expansion of the multilayer-interconnection substrate 1 or LSI chip 3, and the 
housing section consists of frame part material 9 and covering device material (5 and 7 — since — a 
configuration). 

[0024] Said covering device material consists of a top plate 5 which equips an inside with a multi-fin, 
and a flange 7 attached in the perimeter. Here, a top plate 5 is excellent in thermal conductivity and 
electric insulation, and coefficient of thermal expansion consists of a multilayer-interconnection 
substrate 1 and an ingredient to adjust, for example, an alumimium nitride ceramic etc. A flange 7 is 
excellent in mechanical strength, and coefficient of thermal expansion consists of a multilayer- 
interconnection substrate 1 and an ingredient to adjust, for example, an iron nickel alloy etc. A top plate 
5 and a flange 7 fix with solder or adhesives. 

[0025] Said frame part material 9 consists of iron nickel alloys which are the ingredients which are 
excellent in mechanical strength and coefficient of thermal expeinsion adjusts with the multilayer- 
interconnection substrate 1 like a flange 7. The covering device material 9 and the multilayer- 
interconnection substrate 1 fix with solder or adhesives. 

[0026] Said frame part material 9 and flange 7 are mechanically concluded with the bolt 1 1 through the 
packing 10, such as an O ring and a ring C. Since the assembly activity of a multi chip module becomes 
easy and opening at the time of maintenance etc. and a re-closure activity become simple, an activity in 
a short time is attained at the same time the hermetic seal of the interior of a multi chip module is carried 
out by considering as the above structures. Inactive gases, such as nitrogen, air, helium, and neon, are 
sufficient as the enclosure fluid 16 inside the multi chip module by which a hermetic seal is carried out, 
and liquids, such as oil, are sufficient as it raising the heat transfer engine performance more. 

[0027] Although the example from which LSI chip 3 is carried on the micro carrier 2, and constitutes a 
heating element was shown, this example is available for it, whether the bare chip is carried on the direct 
multilayer-interconnection substrate or a heating element is the structure of the micro carrier which 
carried out the hermetic seal of the bare chip. 

[0028] On a top plate 5, the air-cooling heat sink 13 is fixed and carried with adhesives 14. 14 may be 
thermal compounds, such as grease, in addition to adhesives. Here, if the air-cooling heat sink 1 3 is seen 
from trichotomy, i.e., the upper part, in the direction of Y shown in the direction of X shown in drawing 
1 at trichotomy and drawing 2 , it is made into the shape of a grid 9 ****s at the three-line 3 train array. 
The air-cooling heat sink 13 has large thermal conductivity like aluminum or copper, is cheap, and 
consists of the quality of the materials excellent in workability. The heat generated in LSI chip 3 radiates 
heat through the path of the top plate 5 with which the first multi- fin 4 and the second multi-fm were 
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' constituted, adhesives 14, the air-cooling heat sink 13, and air. 

[0029] Since the air-cooling heat sink 13 has block construction in this example and the thermal 
expansion as the whole heat sink becomes small When the temperature of the air supplied from an 
installation environment becomes high when it is large and the calorific value of a multi chip module 
becomes [ the temperature of the air-cooling heat sink 13 ] high or Even when the temperature of the air- 
cooling heat sink 13 becomes high, cooling structure of the multi chip module which was not made to 
produce a crack, an open circuit of circuit wiring, etc. in the multilayer-interconnection substrate 1 by 
the differential thermal expansion of the air-cooling heat sink 13 and the multilayer-interconnection 
substrate 1, and was excellent in dependability can be realized. Moreover, the thermal boundary layer 
from which the air-cooling heat sink 13 develops in the passage between fins since the cooling fin is 
divided by the flow direction of cooling air with block construction can be updated for every 
fragmentation of a fin, and can improve the heat transfer rate of a fin as a result, and a heat sink with the 
high cooling engine performance can be realized. 

[0030] The second example of this invention is explained using drawing 3 . Drawing 3 is X-Z-section 
Fig. of the second example. In this example, except the structure of the air-cooling heat sink 18, it is the 
completely same structure as the first example, and the same is said of an operation and effectiveness. In 
this example, the heat sink arranged at a circumference part among the air-cooling heat sinks 18 
trichotomized in the direction of X has overhang structure equipped with the fin section projected 
outside the Joint of an air-cooling heat sink and a top plate 5. Thereby, the surface area of a fin can be 
made to be able to increase and the cooling engine performance of an air-cooling heat sink can be raised. 
Making a fin increase in the direction of X in drawing (direction whose number of sheets of a fin 
increases) has large effectiveness to the improvement in the cooling engine performance rather than it 
extends a fin to the direction (the die-length direction of a fin, space perpendicular direction) of Y, or a 
Z direction (the fin height direction). 

[0031] The third example of this invention is expleiined using drawing 4 . Drawing 4 is X-Z-section Fig. 
of the third example. In this example, LSI chip 3 carried on the micro carrier 2 is covered with cap 23. 
The inside of cap 23 has fixed with a tooth back, solder, or adhesives of LSI chip 3 etc. To coincidence, 
the micro carrier 2 fixes with solder or adhesives, and the cap 23 has at it structure which carried out the 
hermetic seal of LSI chip 3. Between the cap 23 and the top plate 21, optimum dose restoration of the 
thermal compounds 19, such as grease, is carried out as a flexible conductor. The top plate 21 has 
structure which served as the flange, and is concluded with the bolt through the frame 22 joined to the 
multilayer-interconnection substrate, and the ring C which is packing. On the top plate 21, the air- 
cooling heat sink 24 of the direction quadrisection structure of X is joined by adhesives etc. In this 
example, since the thermal compounds 19, such as grease, are used as a flexible conductor, cooling 
structure is cheaply [ very simply and ] realizable. Moreover, LSI chip 3 is made into the structure which 
carried out the hermetic seal, and in order that LSI chip 3 may not contact the direct thermal compound 
19, the corrosion of LSI chip 3 by the thermal compound 19 etc. does not have the worries on 
dependability. 

[0032] The fourth example of this invention is explained using drawing 5 . Drawing 5 is the Y-Z 
sectional view of the fourth example. In this example, the ventilation approach to the air-cooling heat 
sink 13 is explained, and the structure of a multi chip module is completely the same as the first 
example, and is said of the operation and effectiveness. [ of the same ] In this example, the nozzle duct 
25 is attached in the upper part of the heat sink arranged in the center in the air-cooling heat sink 13 of 
trichotomy structure on both sides of the seal member 26. The nozzle duct 25 is a convergent-nozzle 
configuration to which the interior cross section of a forge fire which goes at a tip becomes small. It is 
pressurized by blowers (not shown), such as a fan and Blois, is supplied like 27, it is accelerated like 28 
within the nozzle duct of a taper cross-section configuration, and cooling air flows in the air-cooling 
heat sink 13. Since the nozzle duct 25 is a convergent-nozzle configuration, its draft resistance within 
the nozzle duct 25 is small. The cooling air which flowed in the air-cooling heat sink 13 is divided into 
right and left like 29, passes through the inside of the passage between fins in the shape of a jet, and 
after it cools a heat sink, it flows out. With the ventilation structure of this example, since the heat 
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transfer rate between fins improves by the jet, the height of the air-cooling heat sink 13 can be made 
small, and a compact multi chip module can be realized. 

[0033] The fifth example of this invention is explained using drawing 6 . Drawing 6 is the Y-Z sectional 
view of the fifth example. In this example, like the fourth example, the ventilation approach to the air- 
cooling heat sink 13 is explained, and Ae internal structure of a multi chip module is completely the 
same as the first example, and is said of the operation and effectiveness. [ of the same ] This example is 
an example of the parallel flow ventilation approach which supplies cooling air to the air-cooling heat 
sink 30 from a side face like 31. Here, the air-cooling heat sink 30 is the structure which it had in the 
direction of Y 2 ****s, and has extended the fm in the height direction (Z direction) ftirther. The wind 
speed between fins can be reduced by making the height of a fin high and ventilating from width. 
Pressure loss can be reduced greatly by that cause, and the noise is also reduced further. Since it is 
suppliable to some extent with the increment in the fin surface area by having made the height of a fin 
high, the cooling performance degradation by the fall of the wind speed between fins serves as effective 
air-cooling structure, when big ventilation power cannot be secured. 

[0034] 

[Effect of the Invention] As explained above, since the assembly activity of a multi chip module 
becomes easy and opening at the time of maintenance etc. and a re-closure activity become simple in the 
first place, according to this invention, an activity in a short time is attained. 

[0035] The cooling structure of the multi chip module which was not made to produce a crack, an open 
circuit of circuit wiring, etc. in a multilayer-interconnection substrate by the differential thermal 
expansion of an air-cooling heat sink and a multilayer-interconnection substrate, and was excellent in 
dependability the second even when the temperature of an air-cooling heat sink became high is 
realizable. 

[0036] The thermal boimdary layer which develops into the third in the passage between fins can be 
updated for every fragmentation of a fin, and can improve the heat transfer rate of a fin, and a heat sink 
with the high cooling engine performance can be realized. 

[0037] Since air is supplied to the fourth from the heat sink upper part and the heat transfer rate between 
fins improves by the jet, the height of an air-cooling heat sink can be made small, and a compact multi 
chip module can be realized. 

[0038] By fifth making the height of a fin high and supplying air from a heat sink side face, pressure 
loss can be reduced greatly and the noise is also reduced further. 

[0039] 



[Translation done.] 
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